COPPER ALLOY 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a Cu-Zn-Si based alloy having excellent 
castability, mechanical properties (strength, ductility etc.), corrosion resistance, wear 
resistance, machinability and the like. 

2. Description of the Related Art 

It has been known that copper alloys are improved in yield strength by grain 
refinement like ordinary metal materials, and that in accordance with the Hall-Petch 
law the copper alloys are improved in strength in proportion to the inverse of the 
square root of the grain diameter. 

And the copper alloys are generally subjected to two basic types of grain 
refinement as follows: (A) when the copper alloys are melted and solidified, (B) when 
the copper alloys (ingots such as slabs, castings such as die castings, melted castings 
etc.) after melt-solidification are subjected to either deforming such as rolling or 
heating, and the resultant stored energy such as distorted energy acts as a driving force. 
In either case of (A) or (B), Zirconium (Zr) is known as an element that effectively 
affects the grain refinement. 

However, in the case of (A), since the grain refinement effect of Zr in the step 
of melt-solidification is considerably influenced by other elements and their contents, 
a desired level of grain refinement is not achieved. For this reason, generally, the 
technique of (B) has been widely used, wherein the grain refinement is facilitated by 
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performing heat treatment on the ingots, castings and so forth after melt-solidification, 
!' and then endowing distortion again. 

According to teachings of Japanese Examined Patent Application Publication 
No. 38-20467, a copper alloy containing Zr, P and Ni is subjected to melting 
treatment, cold working at a rate of 75%, and examination of its average grain 
diameter, in which the average grain diameter is decreased in proportion to increase of 
a content of Zr, for example, 280 jam when not containing Zr, 170 |um (Zr content: 
0.05 mass%), 50 |um (Zr content: 0.13 mass%), 29 jam (Zr content: 0.22 mass%) and 
6 jam (Zr content: 0.89 mass%). In this document, it is proposed to contain 0.05 to 
0.3 mass% Zr in order to avoid an adverse effect caused by excessive content of Zr. 

Further, it is disclosed in Japanese Unexamined Patent Application Publication 
No. 2004-233952 that when a copper alloy to which 0.15 to 0.5 mass% Zr is added is 
subjected to casting, melting treatment, and deformation processing for distortion 
addition, its average grain diameter is refined to a level of about 20 \im or less. 

However, as in the technique of (B), these treatment and working after casting 
for refining the grain diameter result in increased costs. Further, some castings can 
not be subjected to the deformation processing for distortion addition due to their 
shapes. As such, the grains are preferably refined by the technique of (A) when the 
copper alloy is melted and solidified. However, in the case of the technique of (A), as 
set forth above, Zr is greatly influenced by other elements and their contents in the 
step of melt-solidification. Hence, although the content of Zr is increased, the grain 
refinement corresponding to the increase is not necessarily achieved. Further, Zr has 
very strong affinity for oxygen. Accordingly, when being melted and added in the 
atmosphere, Zr easily forms an oxide and is very low in yield. As such, although a 
very small quantity of Zr is contained in products after casting, it is required to charge 
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a considerable quantity of raw material in the step of casting. Meanwhile, when being 
too much produced during melting, the oxide is easily entangled when casting, there 
is a chance to generate casting defects. In order to avoid production of the oxide, the 
melting and casting may be carried out under a vacuum or inert gas atmosphere, 
which causes increase of costs. In addition, because Zr is an expensive element, its 
addition amount is preferably restrained to be as small as possible from the economic 
point of view. 

For this reason, there is required a copper alloy having the content of Zr as 
small as possible and simultaneously the average grain diameter refined in the 
following step after melt-solidification of the casting process. 

Further, in the case of the Cu-Zn-Si based alloy, Si serves to improve 
mechanical property etc., but during melt-solidification, has problems that it is easy to 
generate a crack or porosity, that a shrinkage cavity is great, and that it is easy to 
generate casting defects such as a blow hole. The main reason is because as a content 
of Si increases, a solidification temperature range (a difference between a liquidus 
temperature and a solidus temperature) becomes wide, and a thermal conductivity is 
also deteriorated. Further, taking a view of a solidification structure of a conventional 
Cu-Zn-Si based alloy, a dendrite is generated in a tree-like branching pattern. Arms of 
the dendrite make it difficult to discharge generated air bubbles into the air, which is 
responsible for residual of blow holes, and local generation of great shrinkage cavity. 

The present invention provides a Cu-Zn-Si based alloy capable of significantly 
improving copper alloy properties such as castability, various mechanical properties, 
corrosion resistance, machinability, workability etc. by means of refinement of grains, 
and simultaneously a method of fabricating the same. 
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SUMMARY 

In order to accomplish the objective, the present invention proposes a copper 
alloy and method of fabricating the same as follows: 

First, the present invention proposes a copper alloy (hereinafter, referred to as 
a "first copper alloy") consisting essentially of Cu: 69 to 88 mass% (preferably 70 to 
84 mass%, more preferably 71.5 to 79.5 mass%, and most preferably 73 to 79 mass%), 
Si: 2 to 5 mass% (preferably 2.2 to 4.8 mass%, more preferably 2.5 to 4.5 mass%, and 
most preferably 2.7 to 3.7 mass%), Zr: 0.0005 to 0.04 mass% (preferably 0.0008 to 
0.029 mass%, more preferably 0.001 to 0.019 mass%, still more preferably 0.0025 to 
0.014 mass%, and most preferably 0.004 to 0.0095 mass%), P: 0.01 to 0.25 mass% 
(preferably 0.02 to 0.2 mass%, more preferably 0.03 to 0.16 mass%, and most 
preferably 0.04 to 0.12 mass%), Zn: balance, and meeting the following conditions of 
(1) to (7). In the first copper alloy, it is preferable to additionally meet the following 
conditions of (10) to (15), inclusive of the conditions of (1) to (7). When the first 
copper alloy requires cutting, it is preferable to additionally meet a condition of (17), 
inclusive of the conditions of (1) to (7) and (10) to (15). 

Secondly, the present invention proposes a copper alloy (hereinafter, referred 
to as a "second copper alloy"), containing at least one element from Sn, As and Sb in 
addition to the constituent elements of the first copper alloy, that is, consisting 
essentially of Cu: 69 to 88 mass% (preferably 70 to 84 mass%, more preferably 71.5 
to 79.5 mass%, and most preferably 73 to 79 mass%); Si: 2 to 5 mass% (preferably 
2.2 to 4.8 mass%, more preferably 2.5 to 4.5 mass%, and most preferably 2.7 to 3.7 
mass%); Zr: 0.0005 to 0.04 mass% (preferably 0.0008 to 0.029 mass%, more 
preferably 0.001 to 0.019 mass%, still more preferably 0.0025 to 0.014 mass%, and 
most preferably 0.004 to 0.0095 mass%); P: 0.01 to 0.25 mass% (preferably 0.02 to 
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0.2 mass%, more preferably 0.03 to 0.16 mass%, and most preferably 0.04 to 0.12 
mass%); at least one element selected from Sn: 0.05 to 1.5 mass% (preferably 0.1 to 
0.9 mass%, more preferably 0.2 to 0.7 mass%, and most preferably 0.25 to 0.6 
mass%), As: 0.02 to 0.25 mass% (preferably 0.03 to 0.15 mass%), and Sb: 0.02 to 
0.25 mass% (preferably 0.03 to 0.15 mass%); and Zn: balance, and meeting the 
following conditions of (1) to (7). In the second copper alloy, it is preferable to 
additionally meet the following conditions of (10) to (15), inclusive of the conditions 
of (1) to (7). When the second copper alloy requires cutting, it is preferable to 
additionally meet a condition of (17), inclusive of the conditions of (1) to (7) and (10) 
to (15). 

Thirdly, the present invention proposes a copper alloy (hereinafter, referred to 
as a "third copper alloy"), containing at least one element selected from Al, Mn and 
Mg in addition to the constituent elements of the first copper alloy, that is, consisting 
essentially of Cu: 69 to 88 mass% (preferably 70 to 84 mass%, more preferably 71 .5 
to 79.5 mass%, and most preferably 73 to 79 mass%); Si: 2 to 5 mass% (preferably 
2.2 to 4.8 mass%, more preferably 2.5 to 4.5 mass%, and most preferably 2.7 to 3.7 
mass%); Zr: 0.0005 to 0.04 mass% (preferably 0.0008 to 0.029 mass%, more 
preferably 0.001 to 0.019 mass%, still more preferably 0.0025 to 0.014 mass%, and 
most preferably 0.004 to 0.0095 mass%); P: 0.01 to 0.25 mass% (preferably 0.02 to 
0.2 mass%, more preferably 0.03 to 0.16 mass%, and most preferably 0.04 to 0.12 
mass%); at least one element selected from Al: 0.02 to 1.5 mass% (preferably 0.1 to 
1 .2 mass%), Mn: 0.2 to 4 mass% (preferably 0.5 to 3.5 mass%) and Mg: 0.001 to 0.2 
mass%; and Zn : balance, and meeting the following conditions of (1) to (7). In the 
third copper alloy, it is preferable to additionally meet the following conditions of (10) 
to (15), inclusive of the conditions of (1) to (7). When the third copper alloy requires 
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cutting, it is preferable to additionally meet a condition of (17), inclusive of the 
conditions of (1) to (7) and (10) to (15). 

Fourthly, the present invention proposes a copper alloy (hereinafter, referred to 
as a "fourth copper alloy"), containing at least one element selected from Sn, As and 
Sb and at least one element selected from Al, Mn and Mg in addition to the 
constituent elements of the first copper alloy, that is, consisting essentially of Cu: 69 
to 88 mass% (preferably 70 to 84 mass%, more preferably 71.5 to 79.5 mass%, and 
most preferably 73 to 79 mass%); Si: 2 to 5 mass% (preferably 2.2 to 4.8 mass%, 
more preferably 2.5 to 4.5 mass%, and most preferably 2.7 to 3.7 mass%); Zr: 0.0005 
to 0.04 mass% (preferably 0.0008 to 0.029 mass%, more preferably 0.001 to 0.019 
mass%, still more preferably 0.0025 to 0.014 mass%, and most preferably 0.004 to 
0.0095 mass%); P: 0.01 to 0.25 mass% (preferably 0.02 to 0.2 mass%, more 
preferably 0.03 to 0.16 mass%, and most preferably 0.04 to 0.12 mass%); at least one 
element selected from Sn: 0.05 to 1.5 mass% (preferably 0.1 to 0.9 mass%, more 
preferably 0.2 to 0.7 mass%, and most preferably 0.25 to 0.6 mass%), As: 0.02 to 0.25 
mass% (preferably 0.03 to 0.15 mass%) and Sb: 0.02 to 0.25 mass% (preferably 0.03 
to 0.15 mass%); at least one element selected from Al: 0.02 to 1.5 mass% (preferably 
0.1 to 1.2 mass%), Mn: 0.2 to 4 mass% (preferably 0.5 to 3.5 mass%) and Mg: 0.001 
to 0.2 mass%; and Zn: balance, and meeting the following conditions of (1) to (7). In 
the fourth copper alloy, it is preferable to additionally meet the following conditions 
of (10) to (15), inclusive of the conditions of (1) to (7). When the fourth copper alloy 
requires cutting, it is preferable to additionally meet a condition of (17), inclusive of 
the conditions of (1) to (7) and (10) to (15). 

Fifthly, the present invention proposes a copper alloy (hereinafter, referred to 
as a "fifth copper alloy") containing at least one element selected from Pb, Bi, Se and 
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Te in addition to the constituent elements of the first copper alloy, that is, consisting 
essentially of Cu: 69 to 88 mass% (preferably 70 to 84 mass%, more preferably 71.5 
to 79.5 mass%, and most preferably 73 to 79 mass%); Si: 2 to 5 mass% (preferably 
2.2 to 4.8 mass%, more preferably 2.5 to 4.5 mass%, and most preferably 2.7 to 3.7 
mass%); Zr: 0.0005 to 0.04 mass% (preferably 0.0008 to 0.029 mass%, more 
preferably 0.001 to 0.019 mass%, still more preferably 0.0025 to 0.014 mass%, and 
most preferably 0.004 to 0.0095 mass%); P: 0.01 to 0.25 mass% (preferably 0.02 to 
0.2 mass% 5 more preferably 0.03 to 0.16 mass%, and most preferably 0.04 to 0.12 
mass%); at least one element selected from Pb: 0.005 to 0.45 mass% (preferably 
0.005 to 0.2 mass%, and more preferably 0.005 to 0.1 mass%), Bi: 0.005 to 0.45 
mass% (preferably 0.005 to 0.2 mass%, and more preferably 0.005 to 0.1 mass%), Se: 
0.03 to 0.45 mass% (preferably 0.05 to 0.2 mass%, and more preferably 0.05 to 0.1 
mass%) and Te: 0.01 to 0.45 mass% (preferably 0.03 to 0.2 mass%, and more 
preferably 0.05 to 0.1 mass%); and Zn: balance, and meeting the following conditions 
of (1) to (8). In the fifth copper alloy, it is preferable to additionally meet the 
following conditions of (9) to (16), inclusive of the conditions of (1) to (8). When the 
fifth copper alloy requires cutting, it is preferable to additionally meet a condition of 
(17), inclusive of the conditions of (1) to (8) and (9) to (16). 

Sixthly, the present invention proposes a copper alloy (hereinafter, referred to 
as a "sixth copper alloy"), containing at least one element selected from Sn, As and Sb 
in addition to the constituent elements of the fifth copper alloy, that is, consisting 
essentially of Cu: 69 to 88 mass% (preferably 70 to 84 mass%, more preferably 71.5 
to 79.5 mass%, and most preferably 73 to 79 mass%); Si: 2 to 5 mass% (preferably 
2.2 to 4.8 mass%, more preferably 2.5 to 4.5 mass%, and most preferably 2.7 to 3.7 
mass%); Zr: 0.0005 to 0.04 mass% (preferably 0.0008 to 0.029 mass%, more 
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preferably 0.001 to 0.019 mass%, still more preferably 0.0025 to 0.014 mass%, and 
most preferably 0.004 to 0.0095 mass%); P: 0.01 to 0.25 mass% (preferably 0.02 to 
0.2 mass%, more preferably 0.03 to 0.16 mass%, and most preferably 0.04 to 0.12 
mass%); Pb: 0.005 to 0.45 mass% (preferably 0.005 to 0.2 mass%, and more 
preferably 0.005 to 0.1 mass%); Bi: 0.005 to 0.45 mass% (preferably 0.005 to 0.2 
mass%, and more preferably 0.005 to 0.1 mass%); Se: 0.03 to 0.45 mass% (preferably 
0.05 to 0.2 mass%, and more preferably 0.05 to 0.1 mass%); Te: 0.01 to 0.45 mass% 
(preferably 0.03 to 0.2 mass%, and more preferably 0.05 to 0.1 mass%); at least one 
element selected from Sn: 0.05 to 1.5 mass% (preferably 0.1 to 0.9 mass%, more 
preferably 0.2 to 0.7 mass%, and most preferably 0.25 to 0.6 mass%), As: 0.02 to 0.25 
mass% (preferably 0.03 to 0.15 mass%) and Sb 0.02 to 0.25 mass% (preferably 0.03 
to 0.15 mass%); and Zn: balance, and meeting the following conditions of (1) to (8). 
In the sixth copper alloy, it is preferable to additionally meet the following conditions 
of (9) to (16), inclusive of the conditions of (1) to (8). When the sixth copper alloy 
requires cutting, it is preferable to additionally meet a condition of (17), inclusive of 
the conditions of (1) to (8) and (9) to (16). 

Seventhly, the present invention proposes a copper alloy (hereinafter, referred 
to as a "seventh copper alloy"), containing at least one element selected from Al, Mn 
and Mg in addition to the constituent elements of the fifth copper alloy, that is, 
consisting essentially of Cu: 69 to 88 mass% (preferably 70 to 84 mass%, more 
preferably 71.5 to 79.5 mass%, and most preferably 73 to 79 mass%); Si: 2 to 5 
mass% (preferably 2.2 to 4.8 mass%, more preferably 2.5 to 4.5 mass%, and most 
preferably 2.7 to 3.7 mass%); Zr: 0.0005 to 0.04 mass% (preferably 0.0008 to 0.029 
mass%, more preferably 0.001 to 0.019 mass%, still more preferably 0.0025 to 0.014 
mass%, and most preferably 0.004 to 0.0095 mass%); P: 0.01 to 0.25 mass% 
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(preferably 0.02 to 0.2 mass%, more preferably 0.03 to 0.16 mass%, and most 
preferably 0.04 to 0.12 mass%); Pb: 0.005 to 0.45 mass% (preferably 0.005 to 0.2 
mass%, and more preferably 0.005 to 0.1 mass%); Bi: 0.005 to 0.45 mass% 
(preferably 0.005 to 0.2 mass%, and more preferably 0.005 to 0.1 mass%); Se: 0.03 to 
0.45 mass% (preferably 0.05 to 0.2 mass%, and more preferably 0.05 to 0.1 mass%); 
Te: 0.01 to 0.45 mass% (preferably 0.03 to 0.2 mass%, and more preferably 0.05 to 
0.1 mass%); at least one element selected from Al: 0.02 to 1.5 mass% (preferably 0.1 
to 1.2 mass%), Mn: 0.2 to 4 mass% (preferably 0.5 to 3.5 mass%) and Mg: 0.001 to 
0.2 mass%; and Zn: balance, and meeting the following conditions of (1) to (8). In 
the seventh copper alloy, it is preferable to additionally meet the following conditions 
of (9) to (16), inclusive of the conditions of (1) to (8). When the seventh copper alloy 
requires cutting, it is preferable to additionally meet a condition of (17), inclusive of 
the conditions of (1) to (8) and (9) to (16). 

Eighthly, the present invention proposes a copper alloy (hereinafter, referred to 
as a "eighth copper alloy"), containing at least one element selected from Sn, As and 
Sb and at least one selected from Al, Mn and Mg in addition to the constituent 
elements of the fifth copper alloy, that is, consisting essentially of Cu: 69 to 88 mass% 
(preferably 70 to 84 mass%, more preferably 71.5 to 79.5 mass%, and most preferably 
73 to 79 mass%); Si: 2 to 5 mass% (preferably 2.2 to 4.8 mass%, more preferably 2.5 
to 4.5 mass%, and most preferably 2.7 to 3.7 mass%); Zr: 0.0005 to 0.04 mass% 
(preferably 0.0008 to 0.029 mass%, more preferably 0.001 to 0.019 mass%, still more 
preferably 0.0025 to 0.014 mass%, and most preferably 0.004 to 0.0095 mass%); P: 
0.01 to 0.25 mass% (preferably 0.02 to 0.2 mass%, more preferably 0.03 to 0.16 
mass%, and most preferably 0.04 to 0.12 mass%); Pb: 0.005 to 0.45 mass% 
(preferably 0.005 to 0.2 mass%, and more preferably 0.005 to 0.1 mass%); Bi: 0.005 
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to 0.45 mass% (preferably 0.005 to 0.2 mass%, and more preferably 0.005 to 0.1 
mass%); Se: 0.03 to 0.45 mass% (preferably 0.05 to 0.2 mass%, and more preferably 
0.05 to 0.1 mass%); Te: 0.01 to 0.45 mass% (preferably 0.03 to 0.2 mass%, and more 
preferably 0.05 to 0.1 mass%); at least one element selected from Sn: 0.05 to 1.5 
mass% (preferably 0.1 to 0.9 mass%, more preferably 0.2 to 0.7 mass%, and most 
preferably 0.25 to 0.6 mass%), As: 0.02 to 0.25 mass% (preferably 0.03 to 0.15 
mass%) and Sb: 0.02 to 0.25 mass% (preferably 0.03 to 0.15 mass%); at least one 
element selected from Al: 0.02 to 1.5 mass% (preferably 0.1 to 1.2 mass%), Mn: 0.2 
to 4 mass% (preferably 0.5 to 3.5 mass%) and Mg: 0.001 to 0.2 mass%; and Zn: 
balance, and meeting the following conditions of (1) to (8). In the eighth copper alloy, 
it is preferable to additionally meet the following conditions of (9) to (16), inclusive 
of the conditions of (1) to (8). When the eighth copper alloy requires cutting, it is 
preferable to additionally meet a condition of (17), inclusive of the conditions of (1) 
to (8) and (9) to (16). 

In the following description, [a] represents the content of an element a, 
wherein the content of the element a is expressed by [a] mass%. For example, the 
content of Cu is expressed by [Cu] mass%. Further, [b] represents a content in terms 
of the area rate of a phase b, wherein the content (area rate) of the phase b is 
expressed by [b]%. For example, the content (area rate) of a phase, a, is expressed by 
[a]%. In addition, the content or area rate of each phase b is measured by an image 
analysis, and particularly obtained by binarization using an image processing software 
WinROOF (available from TECH- JAM Co., Ltd.) and is an average value of the area 
rates measured with three views. 

(1) fO = [Cu] - 3.5[Si] - 3[P] + 0.5([Pb] + 0.8([Bi] + [Se]) 4- 0.6[Te]) - 0.5([Sn] 
+ [As] + [Sb]) - 1.8[A1] + 2[Mn] + [Mg] - 61 to 71 (preferably fO = 62 to 69.5, more 
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preferably fO = 62.5 to 68.5, and most preferably fO = 64 to 67). Further, in the case 
of fO, [a] = 0 as to a non-contained element a. 

(2) fl = [P]/[Zr] = 0.7 to 200 (preferably fl = 1.2 to 100, more preferably fl = 
2.3 to 50, and most preferably fl = 3.5 to 30). 

(3) £2 = [Si]/[Zr] = 75 to 5000 (preferably £2 = 120 to 3000, more preferably £2 
= 1 80 to 1 500, and most preferably f2=300 to 900). 

(4) fi = [Si]/[P] = 12 to 240 (preferably £3 = 16 to 160, more preferably £3 = 
20 to 120, and most preferably £3 = 25 to 80). 

(5) Containing a phase and, K phase and/or y phase and f4 = [a] + [y] + [K] > 
85 (preferably f4 > 95). Further, in the case of f4, [b] = 0 as to a non-contained phase 
b. 

(6) £5 = [y] + [K] + 0.3[jli] - [p] = 5 to 95 (preferably f5 = 10 to 70, more 
preferably £5 = 15 to 60, and most preferably f5 = 20 to 45). Further, in the case of f5, 
[b] = 0 as to a non-contained phase b. 

(7) Having an average grain diameter of 200 |um or less (preferably 1 50 |j,m or 
less, more preferably 100 pm or less, and most preferably 50 |um or less) in a 
macrostructure during melt-solidification. Here, the average grain diameter in the 
macrostructure (or microstructure) during melt-solidification refers to an average 
value of grain diameters in a macrostructure (or microstructure) in a state where 
deforming (extruding, rolling etc.) or heating is not carried out after melt- 
solidification by casting (including conventionally known various castings such as 
permanent mold casting, sand casting, horizontal continuous casting, upward casting 
(up-casting), semi-solid metal casting, semi-solid metal forging, melting forging), 
welding or melting cutting. Further, the term "casting" or "casting" used herein refers 
to any object the whole or part of which is melted and solidified, and for example 
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includes a sand casting, a metal mold casting, a low pressure casting, a die-cast 
casting, a lost wax casting, a semi-solid casting (e.g., a thixo casting, a rheocasting, a 
semi-solid metal casting, a squeeze casting, a centrifugal casting, and a continuous 
casting (e.g., a rod, a hollow rod, an irregular shaped rod, an irregular shaped hollow 
rod, a coil, a wire etc. made by horizontal continuous casting, upward casting or up- 
casting), or a casting made by melting forging (direct forging), metallizing, build-up 
spraying, lining or overlay, including a rolling or extruding ingot, a slab and a billet. 
In addition, it should be understood that welding is included in the casting in a broad 
sense because a base metal is partly melted, solidified and bonded. 

(8) f6 = [Cu] - 3.5[S1] - 3[P] + 3([pb] + 0.8([Bi] + [Se]) + 0.6[Te]) 1/2 > 62 
(preferably f6 > 63.5), and f7 = [Cu] - 3.5[Si] - 3[P] - 3([Pb] + 0.8([Bi] + [Se]) + 
0.6[Te]) 1/2 < 68.5 (preferably f7 < 67). Further, in the cases of f6 and f7, [a] = 0 as to 
a non-contained element a. 

(9) f8 = [y] + [K] + 0.3[|u] - [p] + 25([Pb] + 0.8([Bi] + [Se]) + 0.6[Te]) 1/2 > 10 
(preferably f8 > 20) and f9 = [y] + [K] + 0.3[|a] - [0] - 25([Pb] + 0.8([Bi] + [Se]) + 
0.6[Te]) 1/2 < 70 (preferably f9 < 50). Further, in the cases of f7 and f8, [a] = 0 or [b] = 
0 as to a non-contained element a or a non-contained phase b. 

(10) A primary crystal generated during melt- solidification is a phase. 

(11) Generating a peritectic reaction during melt-solidification. 

(12) During melt-solidification, having a crystalline structure where a dendrite 
network is divided and a grain whose two-dimensional shape is a circular shape, a 
non-circular shape near the circular shape, an elliptical shape, a crisscross shape, an 
acicular shape or a polygonal shape. 

(13) Having a matrix whose phase a is divided finely and whose phase K 
and/or phase y are(is) uniformly distributed. 
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(14) In a semi-melted state having a solid phase fraction of 30 to 80%, having 
a crystalline structure where a dendrite network is at least divided and a solid phase 
whose two-dimensional shape is a circular shape, a non-circular shape near the 
circular shape, an elliptical shape, a crisscross shape or a polygonal shape. 

(15) In a semi -melted state having a solid phase fraction of 60%, having a solid 
phase of an average grain diameter of 150 jam or less (preferably 100 |um or less, 
more preferably 50 jam or less, and most preferably 40 jam or less) and/or of an 
average maximum length of 200 jum or less (preferably 1 50 |um or less, more 
preferably 100 [im or less, and most preferably 80 jam or less). 

(16) In the case that Pb or Bi is contained, having a matrix in which Pb or Bi 
particles of a fine and uniform size are uniformly distributed, wherein the Pb or Bi 
particles have an average grain diameter of 1 fam or less (but preferably have a 
maximum grain diameter not exceeding 3 |am (preferably 2 jam). 

(17) In the case that cutting is carried out in a dry atmosphere by a lathe 
equipped with a bite of a rake angle: -6° and a nose radius : 0.4 mm under the 
conditions of a cutting speed : 80 to 160 m/min, a cutting depth : 1 .5 mm and a feed 
speed : 0.11 mm/rev., having generated chips taking a small segment shape (Fig. 5A) 
of a trapezoidal or triangular shape, a tape shape (Fig. 5B) having a length of 25 mm 
or less or an acicular shape (Fig. 5C). 

And, in the first to eighth copper alloys, Cu is a main element of each copper 
alloy, and is required to contain 69 mass% or more in order to secure corrosion 
resistance (dezincification corrosion resistance, and stress corrosion crack resistance) 
and mechanical properties as an industrial material. However, when the content of Cu 
exceeds 88 mass%, strength and wear resistance are deteriorated, so that there is a 
chance of hindering a grain refinement effect by co-addition of Zr and P as described 
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below. In consideration of this, the content of Cu is required to have 69 to 88 mass%, 
preferably 70 to 84 mass%, more preferably 71.5 to 79.5 mass%, and most preferably 
73 to 79 mass%. Further, in order to facilitate grain refinement, it is necessary to 
make great account of relation with other elements to be contained and to meet the 
condition of (1). In other words, the contents of Cu and other constituent elements are 
required to obtain relation of fO = [Cu] - 3.5[Si] - 3[P] + 0.5([Pb] + 0.8([Bi] + [Se]) + 
0.6[Te]) - 0.5([Sn] + [As] + [Sb]) - 1.8[A1] + 2[Mn] + [Mg] = 61 to 71, preferably 
fO = 62 to 69.5, more preferably fO = 62.5 to 68.5, and most preferably fO = 64 to 67. 
Further, a lower limit of fO is a value indicating whether a primary crystal is a phase a 
or not, and an upper limit is a value indicating whether the peritectic reaction is 
generated or not. 

In the first to eighth copper alloys, Zn is a main element of each copper alloy 
together with Cu and Si, and acts to lower stacking fault energy of the alloy, generate 
the peritectic reaction, and provide refinement of grains in a melted and solidified 
material, improvement of fluidity and decrease of melting point in a molten metal, 
prevention of oxidation loss of Zr, improvement of corrosion resistance and 
improvement of machinability. In addition, Zn serves to improve mechanical 
strengths such as tensile strength, yield strength, impact strength and fatigue strength. 
In consideration of this, a content of Zn is set to a balance excluding the content of 
each constituent element. 

In the first to eighth copper alloys, when being added together with Zr, P, Cu 
and Zn, Si is an element serving to lower stacking fault energy of the alloy, to widen a 
composition range taking part in the peritectic reaction and exert a significant 
refinement effect of grains. Si has an effect when its addition amount is 2% or more. 
However, even when Si is added above 5%, grain refinement caused by co-addition 
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with Cu and Zn is saturated or deteriorated in reverse, and furthermore causes 
deterioration of ductility. Further, when the content of Si exceeds 5%, thermal 
conductivity is deteriorated and a solidification temperature range is widened, so that 
there is a chance of deteriorating castability. Meanwhile, Si acts to improve fluidity 
of a molten metal, prevent oxidation of the molten metal, and lower a melting point. 
In addition, Si serves to improve corrosion resistance, and particularly dezincification 
corrosion resistance, and stress corrosion crack resistance. Furthermore, Si 
contributes to improvement of machinability as well as mechanical properties such as 
tensile strength, yield strength, impact strength and so on. These actions cause a 
synergy effect on grain refinement of castings. For the purpose of effective exertion 
of this addition function of Si, the content of Si is required to have a range of 2 to 5 
mass%, preferably 2.2 to 4.8 mass%, more preferably 2.5% to 4.5%, and most 
preferably 2.7 to 3.7 mass% on the condition of meeting the condition of (1). 

In the first to eighth copper alloys, Zr and P are co-added in order to facilitate 
refinement of copper alloy grains, and particularly during melt-solidification. In other 
words, Zr and P individually facilitate the refinement of copper alloy grains to a 
somewhat degree like other ordinary addition elements, but exerts a very significant 
grain refinement function in a co-existence state. 

In regard to Zr, this grain refinement function is exerted at 0.0005 mass% or 
more, effectively at 0,0008 mass% or more, significantly at 0.001 mass% or more, 
more significantly at 0.0025 mass% or more, and very significantly at 0.004 mass% or 
more. In regard to P, this grain refinement function is exerted at 0.01 mass% or more, 
effectively at 0.02 mass% or more, more significantly at 0.03 mass% or more, and 
very significantly at 0.04 mass% or more. 

Meanwhile, when the addition amount of Zr amounts to 0.04 mass% and that 
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of P amounts to 0.25 mass%, the grain refinement function by co-addition of Zr and P 
is saturated regardless of kinds and contents of other constituent elements. Therefore, 
the addition amounts of Zr and P which are required to effectively exert this function 
are 0.04 mass% or more for Zr and 0.25 mass% or more for P. Further, when the 
addition amounts of Zr and P are small as set to the range, Zr and P can uniformly 
distribute a high concentration of Sn, which is allotted to a phase y with priority, in a 
matrix without continuation by means of the grain refinement, for example, even 
when the copper alloy contains Sn without deteriorating properties of the alloy 
exerted by other constituent elements, so that it is possible to prevent a casting crack, 
obtain a sound casting having low porosity, shrinkage cavity, blow hole and micro- 
porosity, and improve working performance such as cold stretching or drawing 
performed after casting, and thus it is possible to further improve the properties of the 
alloy of interest. Further, from an industrial point of view of adding a very small 
amount of Zr, the grain refinement effect is not still more exerted even when Zr is 
added in excess of 0.019 mass%. The grain refinement effect may be damaged when 
Zr exceeds 0.029 mass%, and is clearly deprived when Zr exceeds 0.04 mass%. 

Further, because Zr has very strong affinity with oxygen, it is easy to generate 
oxide and sulfide of Zr when Zr is melted in the air or uses scraps as a raw material. 
When Zr is excessively added, viscosity of the molten metal is increased to cause 
casting defects by inclusion of the oxide and sulfide during casting, so that it is easy 
to generate the blow hole or micro porosity. In order to avoid this, it can be 
considered to carry out melting and casting under vacuum or complete inert gas 
atmosphere. In this case, versatility disappears, and costs are considerably increased 
in the copper alloy where Zr is merely added as the refinement element. In this regard, 
the addition amount of Zr which is not formed of the oxide and sulfide is preferably 
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set to 0.029 mass% or less, more preferably 0.019 mass% or less, still more preferably 
0.014 mass% or less, and most preferably 0.0095 mass%. Furthermore, when the 
amount of Zr is set to this range, the generation of the oxide or sulfide of Zr is 
decreased even when the corresponding copper alloy is melted in the air as a recycling 
material without new addition of a virgin material (or is cast using the raw material 
consisting only of the corresponding recycling materials). Thereby, it is possible to 
obtain the sound first to eighth copper alloys formed of fine grains again. 

In this respect, the addition amount of Zr is required to have a range of 0.0005 
to 0.04 mass%, preferably 0.0008 to 0.029 mass%, more preferably 0.001 to 0.019 
mass% 5 still more preferably 0.0025 to 0.014 mass%, and most preferably 0.004 to 
0.0095 mass%. 

Further, P is added to exert the grain refinement function by the co-addition 
with Zr and exerts an influence on the corrosion resistance, castability and so on. 
Thus, considering the influence exerted on the corrosion resistance, castability etc. in 
addition to the grain refinement function by the co-addition with Zr, the addition 
amount of P is required to have a range of 0.01 to 0.25 mass%, preferably 0.02 to 0.2 
mass%, more preferably 0.03 to 0.16 mass%, and most preferably 0.04 to 0.12 mass%. 
P has important relation with Zr, but is not favorable in that even when it is added in 
excess of 0.25 mass%, the refinement effect is small, and rather the ductility is 
damaged. 

And, the grain refinement effect by the co-addition of Zr and P is not exerted 
only by individually determining the contents of Zr and P in the above-mentioned 
range, but is required to meet the condition of (2) in their mutual contents. The grain 
refinement is achieved by causing a nucleation speed of the a phase of the primary 
crystal crystallized from a melted melting to be still higher than a growth speed of a 
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dendrite crystal. In order to generate this phenomenon, it is insufficient only to 
individually determine the addition amounts of Zr and P, and it is necessary to 
consider a co-addition ratio of (fl = [P]/[Zr]). By determining the contents of Zr and 
P to have an appropriate addition ratio in an appropriate range, it is possible to 
remarkably facilitate crystallization of the a phase of the primary crystal by means of 
the co-addition function or interaction of Zr and P. As a result, the nucleation of the 
corresponding a phase exceeds the growth of the dendrite crystal. When the contents 
of Zr and P are within the appropriate range and their combined ratio ([P]/[Zr]) is 
stoichiometric, the addition of Zr reaching several ppm allows intermetallic 
compounds of Zr and P (e.g., ZrP, ZrP^ etc.) to be generated in the a phase crystal, 
and the nucleation speed of the corresponding a phase is increased as the value fl of 
[P]/[Zr] reaches a range of 0.7 to 200, more increased when fl = 1.2 to 100, 
significantly increased when fl = 2.3 to 50, and drastically increased when fl = 3.5 to 
30. In other words, the co-addition ratio of Zr and P is an important factor in 
facilitating the grain refinement, and the crystal nucleation during melt-solidification 
greatly exceeds the crystal growth when fl is within the range. Further, in order to 
make the grains fine, co-addition ratios of Zr and Si and of P and Si (f2 = [Si]/[Zr] and 
f3 = [Si]/[P]) are sufficiently important and are required to be considered. 

And when the melt-solidification proceeds to increase a fraction of the solid 
phase, the crystal growth begins to occur frequently. This begins to generate 
amalgamation of grains in part. In general, the a phase grains are gradually increased 
in size. Here, while the melting is solidified, the peritectic reaction occurs. Then, a 
solid-liquid reaction between the melted melting left without being solidified and the 
solid a phase is generated, thereby creating a phase, (3, by consuming the solid a 
phase. As a result, the a phase is enclosed by the P phase, and thus the a phase grain 
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itself begins not only to be decreased in size but also take an angled elliptical shape. 
In this manner, when the solid phase takes the fine elliptical shape, gases are easy to 
escape, and shrinkage is smoothly generated with tolerance to the crack resulting from 
solidification shrinkage when solidified, which has a good influence on the various 
properties such as the strength, corrosion resistance etc. at a room temperature. Of 
course, when the solid phase takes the fine elliptical shape, fluidity is ameliorated, and 
thus it is optimal to use a semi-solid metal solidification. When the solid phase of the 
fine elliptical shape and the melted melting are left in the final step of solidification, 
the solid phase and melted melting are sufficiently supplied every nook and comer 
even when a mold has a complicated shape, so that the casting of a good shape is 
formed. That is, the casting is formed up to a near net shape (NNS). Further, whether 
to take part in the peritectic reaction or not is generally generated at a composition 
wider than that of an equilibrium state, unlike that of the equilibrium state from the 
practical point of view. Here, a relation fO plays an important role, and an upper limit 
of fO has a main interrelation with a size of a grain after melt-solidification and a 
criterion capable of taking part in the peritectic reaction. A lower limit of fO has a 
main interrelation with a size of a crystal after melt-solidification and a boundary 
value whether a primary crystal is a phase a or not. As fO falls to the above- 
mentioned preferable range (f0=62 to 69.5), more preferable range (f0=62.5 to 68.5), 
and most preferable range (fD=64 to 67), the primary crystal, a phase, is increased in 
quantity, and thus the peritectic reaction generated in a non-equilibrium reaction is 
still more activated. Consequently, the grain obtained at a room temperature becomes 
smaller. 

Of course, these series of melt-solidification phenomena are dependent on a 
cooling rate. Specifically, in a rapid cooling where the cooling rate has an order of 
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10 5o C/sec or more, there is no time to perform nucleation of the crystal, so that there 
is a chance that the grain is not refined. In contrast, in a slow cooling where the 
cooling rate has an order of 10" 3o C/sec or less, the grain growth or the grain 
amalgamation is promoted, so that there is a chance that the grain is not refined. 
Further, approach to the equilibrium state causes the composition range taking part in 
the peritectic reaction to become narrow. More preferably, the cooling rate in the step 
of melt-solidification has a range from 10" 2 to 10 4o C/sec, and most preferably a range 
from 10" 1 to 10 3o C/sec. Among this range of the cooling rate, the nearer the upper 
limit the cooling rate reaches, the wider the composition range where the grain is 
refined becomes, thereby the grains are further refined. The p phase generated in the 
peritectic reaction serves to suppress the grain growth. However, when the (5 phase 
stays in the metal structure at a high temperature, and when the K phase and/or y 
phase are precipitated and generated by a solid phase reaction, thus K and y phases 
constitute a large fraction of the total structure, the crystal growth is suppressed, and a 
grain is made finer. The conditional expressions for this are as follows: f4 = [a] + [y] 
+ [K] and f5 = [y] + [K] + 0.3|>] - [p]. As £5 falls to the above-mentioned preferable 
range (f5 = 10 to 70), more preferable range (f5 = 15 to 60), and most preferable 
range (f5 = 20 to 45), the grain is made finer. In the condition of (8), f6 and f7 are 
similar to fO, and in the condition of (9), f8 is similar to f5. Thus, meeting the 
conditions of (8) and (9) leads to meeting the condition of (1) for fO and the condition 
of (6) for f5. Further, the K phase and the y phase formed in the Cu-Zn-Si based alloy 
having the composition range specified in the present invention are Si-rich hard 
phases. When cutting, these K and y phases act as a stress concentration source and 
generate thin cutting chips of a shear type, so that parted cutting chips are obtained, 
and, consequently, the low cutting resistance is shown at the same time. Accordingly, 
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when the K and y phases are uniformly distributed even without existence of soft Pb 
or Bi particles as a machinability improving elements (i.e., without containing the 
machinability improving elements such as Pb, Bi etc.), the machinability that is 
satisfactory industrially is obtained. A condition for exerting a machinability 
improving effect that is not dependent on this machinability improving elements of Pb 
etc. is the condition of (1) and the condition of (6) for f5. However, today, there is a 
demand on high-speed cutting. To this end, the hard K and y phases and the soft Pb or 
Bi particles are uniformly distributed in a matrix. This coexistence exerts an abrupt 
synergy effect, particularly, under the condition of the high-speed cutting. In order to 
exert this co-addition effect, it is required to meet the condition of (8), and preferably 
to additionally meet the condition of (9). 

As seen from the foregoing, in the first to eighth copper alloys, by at least 
meeting the conditions of (1) to (6), even the melted solidified substance can facilitate 
the same grain refinement as a hot- worked material or recrystallized material, and by 
meeting the condition of (10), it is possible to facilitate making the grain still finer. 
Further, in the fifth to eighth copper alloys, by meeting the condition of (8) 
(preferably, the condition of (9) in addition to the condition of (8)), it is possible to 
facilitate the grain refinement together with improvement of the machinability by 
trace addition of Pb etc. Further, when the K and y phases has higher concentration of 
Si than the a phase, and when these three phases do not amount to 100%, the balance 
generally includes at least one of P, ja and 8 phases. 

In the fifth to eighth copper alloys, as well-known, Pb, Bi, Se and Te improve 
the machinability and simultaneously exert excellent wear resistance by improving 
conformability and slidability to the other member in an abrasion engagement 
member such as a bearing or the like. For the purpose of exertion of this function, 
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mass addition of Pb etc. is required, but by meeting the condition of (8) the trace 
addition of Pb etc. is carried out without the mass addition of Pb etc., so that it is 
possible to secure the machinability that can be industrially satisfactory together with 
the grain refinement. In order to facilitate still more improving the machinability by 
the trace addition of Pb etc., it is preferable to meet the conditions of (9) and (16) in 
addition to the condition of (8). By meeting these conditions, the grains are made 
finer, and by distributing the particles of Pb etc. in the matrix at a finer uniform size, it 
is possible to improve the machinability without the mass addition of Pb etc. These 
effects are remarkably exerted under the condition of, particularly, the high-speed 
cutting together with existence of the hard K and y phases and the non-solid melting 
soft Pb and Bi, which are formed within the present composition range effective for 
the machinability. In general, Pb, Bi, Se and Te are subjected to individual addition, 
or common addition by any combination of Pb and Te; Bi and Se; or Bi and Te. In 
this respect, on condition of meeting the condition of (8) etc. the addition amount of 
Pb is required to have a range from 0.005 to 0.45 mass%, preferably from 0.005 to 0.2 
mass%, and more preferably from 0.005 to 0.1 mass%. Further, the addition amount 
of Bi is required to have a range from 0.005 to 0.45 mass%, preferably from 0.005 to 
0.2 mass%, and more preferably from 0.005 to 0.1 mass%. Further, the addition 
amount of Se is required to have a range from 0.03 to 0.45 mass%, preferably from 
0.05 to 0.2 mass%, and more preferably from 0.05 to 0.1 mass%. In addition, the 
addition amount of Te is required to have a range from 0.01 to 0.45 mass%, preferably 
from 0.03 to 0.2 mass%, and more preferably 0.05 to 0.1 mass%. 

Pb and Bi are not entered into solid melting at a room temperature, exist as the 
Pb particle or the Bi particle as well as are distributed in a granular form in a melted 
state in the step of melt-solidification and exist between solid phases. The more the 
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particles of Pb and Bi, the easier a crack is generated in the step of melt-solidification 
(by generation of tensile stress depending on the shrinkage by the solidification). 
Further, Pb and Bi mainly exist at a grain boundary in the melted state after 
solidification, so that when their particles are increased, it is easy to generate a hot 
crack. In order to solve this problem, it is very effective to refine the grain to relieve 
stress (i.e., to increase an area of the grain boundary), and to cause the particles of Pb 
and Bi to be decreased in size and uniformly distributed. Further, Pb and Bi have an 
adverse influence on the copper alloy properties except the machinability, as set forth 
above. In regard to ductility at a room temperature, the stress is concentrated on the 
particles of Pb and Bi, so that the ductility is damaged (It goes without saying that 
when the grain is large, the ductility is geometrically damaged). It should be paid 
attention that this problem can be overcome by the grain refinement. 

In the second, fourth, sixth and eighth copper alloys, Sn, As and Sb are added 
to mainly improve cavitation erosion resistance, corrosion resistance (in particular, 
dezincification corrosion resistance). This function is exerted by adding 0.05 mass% 
or more for Sn and 0.02 mass% or more for Sb and As. However, although Sn, As 
and Sb are added in excess of a certain amount, it is impossible to obtain an effect 
suitable for the addition amount, and ductility is rather deteriorated. Sn alone has a 
small influence on the refinement effect, but can exert the refinement function of the 
grain under the existence of Zr and P. Sn is to improve mechanical properties 
(strength, etc.), corrosion resistance, and wear resistance. Further, Sn serves to more 
effectively perform the peritectic reaction by widening the composition range of Cu or 
Zn which divides the dendrite arm to generate the peritectic reaction, and decreases 
stacking fault energy of the alloy to thus more effectively realize granulation and 
refinement of the grain. Sn is a low melting point metal, which forms Sn- 
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concentrated phase or concentrated part to impede castability even if being added at a 
small amount. However, when Sn is added under the addition of Zr and P 5 this has 
effect on the grain refinement by Sn ? and simultaneously this grain refinement causes 
the Sn-concentrated phases to be uniformly distributed in spite of the formation of the 
Sn-concentrated part, thus showing excellent cavitation erosion resistance without 
greatly damaging castability or ductility. In order to exert an effect of the cavitation 
erosion resistance, Sn requires its addition amount of 0.05% or more, preferably 0.1 % 
or more, and more preferably 0.25% or more. Meanwhile, when exceeding 1.5%, the 
addition amount of Sn causes trouble on the castability or ductility at a room 
temperature no matter how fine the grain may be made, and preferably is 0.9% or less, 
more preferably 0.7% or less, and most preferably 0.6% or less. The addition amount 
of Sn is necessary to be set to a range from 0.05 to 1 .5 mass%, preferably from 0.1 to 
0.9 mass%, more preferably from 0.2 to 0.7 mass%, and most preferably from 0.25 to 
0.6 mass%. Further, the addition amounts of As and Sb are necessary to be set to a 
range from 0.02 to 0.25 mass%, and preferably from 0.03 to 0.15 mass% considering 
their toxicity having an adverse influence on a human body. 

In the third, fourth, seventh and eighth copper alloys, Al, Mn and Mg are added 
to mainly facilitate improvement of strength, improvement of melt fluidity, 
deoxidation, desulfurization effect, improvement of cavitation erosion resistance 
under a high-speed flow rate, and improvement of wear resistance. Further, Al forms 
a hard corrosion resistant thin film of Al-Sn on a casting surface to improve the wear 
resistance. Further, Mn has the effect generating a corrosion resistant thin film 
between itself and Sn. Besides, Mn combines with Si in the alloy to form an 
intermetallic compound of Mn-Si (atomic ratio: 1:1 or 2:1), and has the effect 
improving the wear resistance of the alloy. However, a scrap material (e.g. a disused 
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heating pipe etc.) is often used as a part of a copper alloy raw material, and an S 
component (sulfur component) is often contained in this scrap material. When the S 
component is included in a molten metal, Zr, an element for the grain refinement, 
forms a sulfide. Thereby, there is a chance that an effective grain refinement function 
by Zr is lost. Further, the melt fluidity is deteriorated, and thus it is easy to generate 
casting defects such as a blow hole, crack and so forth. Mg has a function of 
improving the melt fluidity in casting when using the scrap material containing this S 
component as the alloy raw material, in addition to the function of improving the 
corrosion resistance. Further, Mg can remove the S component in a form of MgS 
which is more unharmful, wherein MgS is not harmful to the corrosion resistance 
even if it remains behind in the alloy, and can effectively prevent decrease of the 
corrosion resistance caused by the S component contained in the raw material. 
Further, when the S component is contained in the raw material, there is a chance that 
because S is easy to exist at a grain boundary, intergranular corrosion is generated. 
However, the intergranular corrosion can be effectively prevented by addition of Mg. 
In addition, Al and Mn act also to remove the S component included in the molten 
metal although being inferior to Mg. Furthermore, when a large quantity of oxygen 
exists in the molten metal, there is a chance that Zr forms an oxide and thus the 
refinement function of the grain is lost. However, Mg, Al and Mn exert an effect of 
preventing the formation of the Zr oxide. In consideration of this, the contents of Al, 
Mn and Mg are set to the above-mentioned range. Further, there is a chance that S 
concentration of the molten metal is increased and thus Zr is consumed by S, but 
when Mg of 0.001 mass% or more is contained in the molten metal prior to charging 
of Zr, the S component of the molten metal is removed or fixed in the form of MgS, 
and thus this problem does not occur. However, when Mg is added in excess of 0.2 
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mass%, Mg is subjected to oxidation like Zr, and the molten metal is increased in 
viscosity, and there is a chance of generating casting defects by, for example, 
inclusion of the oxide. Considering this and improvement of the strength, the 
cavitation erosion resistance and the wear resistance in all, the addition amount of Al 
is necessary to be set to a range from 0.02 to 1 .5 mass%, and preferably from 0. 1 to 
1 .2 mass%. Further, considering effects of improving the wear resistance by 
formation of Si and an intermetallic compound of MnSi (at an atomic ratio of 1 : 1 or 
1 :2) in the alloy in all, the addition amount of Mn is necessary to be set to a range 
from 0.2 to 4 mass%, and preferably from 0.5 to 3.5 mass%. Mg is necessary to be 
added at a range from 0.001 to 0.2 mass%. 

In the first to eighth copper alloys, by adding Zr and P, the refinement of the 
grain is realized. By meeting the condition of (7), that is by setting the average grain 
diameter in a macro structure during melt-solidification to 200 jam or less (preferably 
150 \xm or less, more preferably 100 (am or less, and most preferably 50 jam or less in 
a microstructure), a high quality of casting can be obtained, and provision and 
practical use of the casting by continuous casting such as horizontal continuous 
casting, upward casting (up-casting) etc. are possible. When the grain is not refined, 
the heat treatment is required several times for the purpose of removing the dendrite 
structure characteristic of the casting or facilitating division, subdivision of the K 
phase and the y phase, and its surface state becomes bad because the grain is 
coarsened. In contrast, when the grain is refined as set forth above, it is not necessary 
to perform this heat treatment because segregation is merely micro-structural, and the 
surface state becomes good. Further, the K phase and the y phase are mainly present 
at a phase boundary with the a phase. Thus, the more the grains are minute and 
uniformly distributed, the shorter lengths of their phases become. For this reason, a 
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peculiar processing process for dividing the K phase and the y phase are not required 
or can be minimized even if required. In this manner, it is possible to sharply reduce 
the number of processes required for production to thus decrease production costs as 
much as possible. Further, by meeting the condition of (7), the following problems do 
not occur, and excellent properties of the copper alloy are exerted. In other words, 
when the K phase and the y phase are not uniformly distributed, a strength difference 
from the a phase of the matrix easily generates a crack and damages ductility at a 
room temperature. Further, since particles of Pb or Bi exist at a boundary with the a 
phase or at a grain boundary, a large-size phase easily generates a solidification crack 
and damages the ductility at the room temperature. 

Further, when the K and y phases or the Pb and Bi particles meet the condition 
of (13) (and additionally the condition of (16) in the fifth to eighth copper alloys) are 
uniformly distributed in the matrix in a uniform size and fine shape, it is natural for 
cold workability to be improved. As such, castings of the first to eighth copper alloys 
can be appropriately used for application requiring caulking (for example, in the case 
of a hose nipple, the caulking is often carried out when installed). 

Further, in the castings of the first to eighth copper alloys, there are many cases 
of using the scrap material in the raw material. In the case of using this scrap material, 
impurities are often contained inevitably, which is allowed from the practical point of 
view. However, in the case where the scrap material is a nickel plating material or the 
like, when Fe and/or Ni are contained as the inevitable impurities, it is necessary to 
restrict their contents. That is, this is because, when the contents of their impurities 
are high, Zr and P useful to refinement of the grain are spent by Fe and/or Ni. For 
instance, this is because, although Zr and P are excessively added, there is a problem 
of hindering the refinement action of the grain. Accordingly, when any one of Fe and 
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Ni is contained, its content is preferably restricted to 0.3 mass% or less (preferably 0.2 
mass% or less, more preferably 0.1 mass% or less, and most preferably 0.05 mass% 
or less). Further, when Fe and Ni are contained together, their total content is 
preferably restricted to 0.35 mass% or less (preferably 0.25 mass% or less, more 
preferably 0.15 mass% or less, and most preferably 0.07 mass% or less). 

In the exemplary embodiment, the first to eighth copper alloys are provided, 
for example, as a casting obtained in the casting process or a plastic worked material 
which additionally performs plastic working on the casting once or more. 

The casting is provided as a wire, a rod or a hollow bar which is cast by the 
horizontal continuous casting, upward casting or up-casting, as well as what is cast in 
a near net shape. Further, the casting is provided as a casting, semi-solid metal 
casting, a semi-solid metal formed material, a melt forged material, or a die-cast 
formed material. In this case, it is preferable to meet the conditions of (14) and (15). 
When the solid phase in a semi-melted state is granulated, it is natural for semi-solid 
metal castability to become excellent, and thus it is possible to carry out the semi- 
solid metal casting. Further, the fluidity of the melt including the solid phase in the 
final solidification step is mainly dependent on a shape of the solid phase in the semi- 
melted state, and viscosity or composition of the liquid phase. However, regarding 
the good or bad (high precision) of formability or complicated shape by casting is 
required, the former (the shape of the solid phase) has more influence on whether a 
sound casting can be cast or not. In other words, when the solid phase in the semi- 
melted state begins to form a network of the dendrite, the melt including the solid 
phase is difficult to spread to all the corners. In this respect, the formability by 
casting is deteriorated, and thus it is difficult to obtain the casting having the high 
precision or complicated shape. Meanwhile, the solid phase in the semi-melted state 
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is granulated, and as the solid phase becomes more spheroidized (the circular shape in 
a two-dimensional shape) and smaller in grain diameter, castability including the 
semi-solid metal castability becomes excellent, and it is possible to obtain the sound 
casting having the high precision or complicated shape (of course, to obtain the semi- 
melted casting having the high precision). Therefore, by knowing the shape of the 
solid phase in the semi-melted state, it is possible to evaluate the semi-solid metal 
castability. By the good or bad of the semi-solid metal castability, it is possible to 
check the good or bad of other castability (complicated shape castability, precision 
castability, and melting forgeability). In general, in the semi-melted state having a 
solid phase fraction from 30 to 80%, the dendrite network at least has a divided 
crystalline structure. Further, when the two-dimensional shape of the solid phase has 
a non-circular shape near the circular shape, an elliptical shape, a crisscross shape or a 
polygonal shape, the semi-solid metal castability is good. Furthermore, in particular, 
in the semi-melted state having a solid phase fraction of 60%, when the corresponding 
solid phase falls to at least one of one having an average grain diameter of 150 (am or 
less (preferably 100 jam or less, more preferably 50 jj,m or less, and most preferably 
40 |nm or less) and one having an average maximum length of 300 jam or less 
(preferably 150 \xm or less, more preferably 100 jam or less, and most preferably 80 
Hm or less) (particularly, in the elliptical shape, when an average ratio of a major side 
to a minor side is 3: 1 or less (preferably 2: 1 or less), the semi-solid metal castablilty 
is excellent. 

Further, the plastic worked material is provided, for example, as a hot extruded 
material, a hot forged material or a hot rolled material. In addition, the plastic worked 
material is provided as the wire, the rod or the hollow bar formed by drawing the 
casting. Further, when the plastic worked material is provided as a plastic worked 
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material obtained by cutting, i.e. a cut material, it is preferable to meet the condition 
of (1 7), namely it is preferable that, when the cutting is performed in a dry 
atmosphere by a lathe using a bite having a rake angle of -6° and a nose radius of 0.4 
mm under the conditions: a cutting speed from 80 to 160 m/min, a cutting depth of 
1 .5 mm and a feed speed of 0. 1 1 mm/rev., cut chips having a trapezoidal or triangular 
small segment shape, and a tape or acicular shape having a length of 25 mm or less 
are generated. This is because processing (collection or reuse) of the cut chips is easy, 
and the good cutting can be carried out without generating troubles that the cut chips 
stick to the bite, damage a cutting surface or the like. 

The first to eighth copper alloys are provided as a water contact fitting that is 
used in contact with water at all times or temporally. For example, the water contact 
fitting is provided as a nipple, a hose nipple, a socket, an elbow, a cheese, a plug, a 
bushing, a union, a joint, a flange, a stop valve, a strainer, a slith valve, a gate valve, a 
check valve, a glove value, a diaphragm valve, a pinch valve, a ball valve, a needle 
valve, a miniature valve, a relief valve, a main cock, a handle cock, a gland cock, a 
two-way cock, a three-way cock, a four-way cock, a gas cock, a ball valve, a safety 
valve, a relief valve, a pressure reducing valve, an electromagnetic valve, a steam trap, 
a water meter, a flowmeter, a hydrant, a water sprinkling faucet, a water stop faucet, a 
swing cock, a mixed faucet, a corporation faucet, a spout, a branch faucet, a check 
valve, a branch valve, a flash valve, a switch cock, a shower, a shower hook, a plug, a 
zarubo, a watering nozzle, a sprinkler, a heating pipe for a water heater, a heating pipe 
for a heat exchanger, a heating pipe for a boiler, a trap, a fireplug valve, a water 
supply port, an impeller, an impeller shaft or a pump case or their constituent member. 
Further, the first to eighth copper alloys are provided as a frictional engagement 
member that performs relative movement in contact with the other member at all 
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times or temporally. For example, the frictional engagement member is provided as a 
gear, a sliding bush, a cylinder, a piston shoe, a bearing, a bearing part, a bearing 
member, a shaft, a roller, a rotary joint part, a bolt, a nut, or a screw shaft or their 
constituent member. Furthermore, it is provided as a pressure sensor, a temperature 
sensor, a connector, a compressor part, a carburetor part, a cable fixture, a mobile 
phone antenna part, or a terminal. 

Further, the present invention proposes a casting method of a copper alloy 
casting having excellent machinability, strength, corrosion resistance and wear 
resistance, characterized in that, in the case of producing the first to eighth copper 
alloys, Zr (contained for the purpose of still more refinement of a grain and stable 
refinement of the gain) is added in a form of a copper alloy material containing the 
same just before casting or in the final step of fusing a raw material in a casting 
process, thereby preventing Zr from being added in a form of an oxide and/or sulfide 
in casting. As the copper alloy material containing Zr, Cu-Zn alloy, Cu-Zn-Zr alloy, 
and the alloys further containing at least one selected from P, Mg, Al, Sn, Mn and B 
are preferable. 

In other words, in the casting process of the first to eighth copper alloys or the 
components thereof (materials to be shaped), the loss of Zr, generated while Zr is 
added, is decreased as much as possible by adding Zr as an intermediate alloy 
material (copper alloy material) in the shape of granular material, thin sheet-like 
material, rod-like material or wire-like material just before the casting. Then, Zr is 
not added in the form of oxide and/or sulfide when casting, thereby the amount of Zr 
necessary and sufficient to refine the grains can be obtained. And in the case of 
adding Zr just before the casting in this manner, since a melting point of Zr is 800 to 
1 000°C higher than that of the corresponding copper alloy, it is preferable to use a low 
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melting alloy material that is an intermediate alloy material shaping like granule 
(grain diameter from about 2 to 50 mm), thin sheet (thickness from about 1 to 10 mm), 
rod (diameter from about 2 to 50 mm) or wire and having the melting point near that 
of the corresponding copper alloy and a lot of necessary components (for example, 
Cu-Zn alloy or Cu-Zn-Zr alloy containing 0.5 to 65 mass% of Zr or the alloys further 
containing at least one element (0.1 to 5 mass% of each is contained) selected from P, 
Mg, Al, Sn, Mn and B). In particular, in order to lower the melting point to facilitate 
melting and simultaneously prevent any loss by oxidation of Zr, it is preferable used 
in the form of an alloy material based on the Cu-Zn-Zr alloy containing 0.5 to 35 
mass% Zr and 15 to 50 mass% Zn (more preferably 1 to 15 mass% Zr and 25 to 45 
mass% Zn). While being dependent on a combined ratio of itself and co-added P, Zr 
is an element of hindering electric thermal conductivity as intrinsic property of the 
copper alloy. However, when an amount of Zr that does not take the form of the 
oxide and/or sulfide is less than 0.04 mass% and particularly 0.019 mass%, reduction 
of the electric thermal conductivity by addition of Zr is not almost caused. For 
instance, even when the electric thermal conductivity is reduced, the reduced rate will 
do if it is a very low rate compared with the case of not adding Zr. 

Further, in order to obtain the first to eighth copper alloys of meeting the 
condition of (7), it is preferable to appropriately determine casting conditions, 
particularly a casting temperature and a cooling rate. Specifically, in terms of the 
casting temperature, it is preferable to determine it to be higher than a liquidus 
temperature of the corresponding copper alloy by 20 to 250°C (more preferably 25 to 
1 50°C). In other words, the casting temperature is preferably determined in the 
following range: (liquidus temperature + 20°C) < the casting temperature < (liquidus 
temperature + 250°C), and more preferably (liquidus temperature + 25 °C) < the 
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casting temperature < (liquidus temperature + 150°C). In general, while being 
dependent on alloy components, the casting temperature is less than 1 150°C, 
preferably 1100°C and more preferably 1050°C. The lower side of the casting 
temperature is not particularly restricted as long as a molten metal is filled up to all 
the comers of a mold. However, as the casting is performed at a lower temperature, 
there shows a tendency that the grain is refined. It should be understood that these 
temperature conditions are varied according to the amount of each constituent element 
of an alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a photograph of an etched surface (cut surface) of a copper alloy No. 
79 of an embodiment, wherein Fig. 1 A illustrates a macrostructure, and Fig. IB 
illustrates a microstructure; 

Fig. 2 is a photograph of an etched surface (cut surface) of a copper alloy No. 
228 of a comparative example, wherein Fig. 2A illustrates a macrostructure, and Fig. 
2B illustrates a microstructure; 

Fig. 3 is a photomicrograph of a semi-melted solidified state in a semi-solid 
metal castability test of a copper alloy No. 4 of an embodiment; 

Fig. 4 is a photomicrograph of a semi-melted solidified state in a semi-solid 
metal castability test of a copper alloy No. 202 of a comparative example; 

Fig. 5 is a perspective view showing a form of a cut chip generated in a cutting 

test; 

Fig. 6 is a perspective view showing a casting C, D, CI or Dl (body of a tap 
water meter); 

Fig. 7 is a plan view cutting and showing a bottom of the casting C, D, CI or 
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Dl (body of the tap water meter) shown in Fig. 6; 

Fig. 8 is a magnified plan view of an inside important portion (a shrinkage 
portion corresponding to an M portion of Fig. 7) of a casting C, a copper alloy No. 72, 
of an embodiment; 

Fig. 9 is a cross-sectional view (corresponding to a cross-section view taken 
along line N - N of Fig. 7) of an important portion of a casting C, a copper alloy No. 

72, of an embodiment; 

Fig. 10 is a magnified plan view of an inside important portion (a shrinkage 
portion corresponding to an M portion of Fig. 7) of a casting C, a copper alloy No. 73, 
of an embodiment; 

Fig. 1 1 is a cross-sectional view (corresponding to a cross-section view taken 
along line N - N of Fig. 7) of an important portion of a casting C, a copper alloy No. 

73, of an embodiment; 

Fig. 12 is a magnified plan view of an inside important portion (a shrinkage 
portion corresponding to an M portion of Fig. 7) of a casting CI , a copper alloy No. 
224, of a comparative example; and 

Fig. 1 3 is a cross-sectional view (corresponding to a cross-section view taken 
along line N - N of Fig. 7) of an important portion of a casting CI, a copper alloy No. 
224, of an embodiment. 

DESCRIPTION OF THE EMBODIMENTS 

As an embodiment, copper alloy Nos. 1 to 92 of compositions shown in Tables 
1 to 8 were obtained as castings A, B, C, D, E and F, and a plastic worked material G. 
Further, as a comparative example, copper alloy Nos. 201 to 236 of compositions 
shown in Tables 9 to 12 were obtained as castings Al, Bl, CI, Dl, El, Fl and Gl, 
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and a plastic worked material G2. 

The castings A (copper alloy Nos. 1 to 46) and the castings Al (copper alloy 
Nos. 201 to 214) were rods having a diameter of 40 mm, which were continuously 
cast at a low speed (0.3 m/min.) using a casting apparatus where a horizontal 
continuous casting machine was attached to a melting furnace (melting capacity of 60 
kg). Further, the castings B (copper alloy Nos. 47 to 52) and the castings Bl (copper 
alloy Nos. 217 and 218) were rods having a diameter of 8 mm, which were 
continuously cast at a low speed (1 m/min.) using the casting apparatus where the 
horizontal continuous casting machine was attached to the melting furnace (melting 
capacity of 60 kg). In either case, the casting was continuously performed using a 
graphite mold while adjusting and adding an addition element to become a 
predetermined component if necessary. Further, in the casting process of the castings 
A, B, Al and Bl , when the casting was performed, Zr was added in a form of a Cu- 
Zn-Zr alloy (containing Zr of 3 mass%) and simultaneously a casting temperature was 
set to be higher than a liquidus temperature of a constituent material of the 
corresponding casting by 100°C. In addition, the castings Al (copper alloy Nos. 215 
and 216) were horizontal continuous rods having a diameter of 40 mm which were put 
on the market (wherein No. 215 corresponds to CAC406C). 

Any one of the castings C (copper alloy Nos. 53 to 73), the castings D (copper 
alloy Nos. 74 to 78), the castings CI (copper alloy Nos. 219 to 224) and the castings 
Dl (copper alloy Nos. 225 and 226) was obtained by low-pressure casting (molten 
metal temperature of 1005°C ± 5°C, pressure of 390 mbar, pressurizing time of 4.5 
seconds, and holding time of 8 seconds) of actual operation, and was a casting product 
having the body of a paired tap water meter as shown in Fig. 6. Further, the castings 
C and CI were cast using a metal mold, while the castings D and Dl were cast using 
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sand mold. 

The castings E (copper alloy Nos. 79 to 90) and the castings El (copper alloy 
Nos. 228 to 233) were ingots of a cylindrical shape (diameter of 40 mm and length of 
280 mm), each of which was obtained by melting a raw material in an electric furnace 
and then casting the molten metal into a metal mold preheated at a temperature of 
200°C. 

The casting F (No. 91) and the casting Fl (No. 234) were large-size castings 
(ingots having a thickness of 190 mm, a width of 900 mm and a length of 3500 mm) 
obtained by low-pressure casting of actual operation. 

The plastic- worked material G (copper alloy No. 92) was a rod having a 
diameter of 100 mm which was obtained by hot extruding an ingot (billet having a 
diameter of 240 mm). Any one of the plastic- worked materials Gl (copper alloy Nos. 
235 and 236) was an extruded-drawn rod (having a diameter of 40 mm) which was 
put on the market. Further, No. 235 corresponded to JIS C3604, and No. 236 
corresponded to JIS C371 1 . Also, in the following description, the castings A, B, C, 
D, E and F, and the plastic worked material G may be referred to as an "embodiment 
material," while the castings Al, Bl, CI, Dl, El, Fl and Gl, and the plastic worked 
material G2 may be referred to as a "comparative example material." 

And, No. 10 test specimens specified in JIS Z 2201 were sampled from the 
embodiment materials A, B, C, D, E, F and G, and the comparative example materials 
Al, Bl, CI, Dl, El, Fl, Gl and G2. In terms of the test specimens, a tensile test was 
performed by an Amsler universal testing machine, and tensile strength (N/mm 2 ), 
0.2% yield strength (N/mm 2 ), elongation (%) and fatigue strength (N/mm 2 ) were 
measured. The results were as shown in Tables 13 to 18, and it was identified that the 
embodiment materials were excellent in mechanical properties such as tensile strength 
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etc. Further, in terms of the castings C, D, CI and Dl ? the test specimens were 
sampled from a runner portion K shown in Fig. 6. 

Further, in order to compare and identify machinability of the embodiment 
materials and the comparative example materials, the following cutting test was 
performed to measure a cutting main component of force N. 

Specifically, outer circumferential surfaces of specimens sampled from the 
embodiment materials A, B, E and G and the comparative example materials Al, Bl, 
El andGl were dry-cut by a lathe equipped with a point nose straight tool (having a 
rake angle of -6° and a nose radius of 0.4 mm) under the conditions: a cutting speed 
of 80 m/min, a cutting depth of 1 .5 mm and a feed speed of 0. 1 1 mm/rev., and under 
the conditions: a cutting speed from 160 m/min, a cutting depth of 1.5 mm and a feed 
speed of 0.11 mm/rev., measured by a three-component force dynamometer attached 
to the bite, and calculated in terms of the cutting main component offeree. The 
results were as shown in Tables 13 to 18. 

Further, states of cut chips generated in the cutting test were observed. The 
chips were classified into seven by their shapes: (a) trapezoidal or triangular small 
segment shape (Fig. 5(A)), (b) tape shape having a length of 25 mm or less (Fig. 5(B)), 
(c) acicular shape (Fig. 5(C)), (d) tape shape having a length of 75 mm or less 
(excluding (b)) (Fig. 5(D)), (e) spiral shape having three turns (rolls) or less (Fig. 
5(E)), (f) tape shape exceeding a length of 75 mm (Fig. 5(F)), and (g) spiral shape 
exceeding three turns (Fig. 5(G)), and subjected to evaluation of the machinability. 
The results were shown in Tables 13 to 18. In these Tables, the cut chip whose shape 
belongs to (a) was represented by the symbol "® (b) by the symbol "O", (c) by the 
symbol (d) by the symbol (e) by the symbol "A", (f) by the symbol " x 
and (g) by the symbol "XX". When the cut chips took the shapes of (f) and (g), 
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handling (collection or reuse) of the cut chips become difficult, as well as the good 
cutting could not be carried out because troubles that the cut chips stuck to the bite 
damaged a cutting surface or the like were generated. When the cut chips took the 
shapes of (d) and (e), the great troubles as in (f) and (g) were not generated, but the 
handling of the cut chips was not easy as well, and when the cutting was continuously 
performed, the generated chips can be stuck to the bite or damage the cut surface or 
the like. In contrast, when the cut chips took the shapes of (a) to (c), the above- 
mentioned troubles were not generated, and the handling of the cut chips was easy in 
that a volume was not increased as in (f) and (g) (that is, because the volume was not 
increased). However, in regard to (c), the cut chips often slipped into a sliding surface 
of a machine tool such as a lathe to generate a mechanical obstacle according to the 
cutting conditions, or accompanied dangers, for example, of pricking fingers or eyes 
of an operator. Thus, in regard to evaluation of the machinability, (a) was the best, (b) 
was second best, (c) was good, (d) was slightly good, (e) was only acceptable, (f) was 
inadequate, and (g) was most inadequate. It was identified from the cutting main 
component offeree and cutting chip shape that the embodiment materials were 
excellent. 

Further, the following wear test was performed in order to compare and 
identify wear resistance of the embodiment materials and that of the comparative 
example materials. 

First, annular test specimens having an outer diameter of 32 mm and a 
thickness of 10 mm (length of an axis direction) were obtained from the embodiment 
materials A and E and the comparative example materials Al, El and Gl by 
performing cutting and boring on these materials. Sequentially, in the state where 
each test specimen was fitted into a rotational shaft and simultaneously an SUS304 
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roll (having an outer diameter of 48 mm) come into rolling contact with the outer 
circumferential surface of the annular test specimen under a load of 50 kg, the 
rotational shaft was rotated at 209 rpm while multi-oil was dropped down the outer 
circumferential surface of the test specimen. And, when the number of rotations 
amounted to 100,000 times, the rotation of the test specimen was stopped. A weight 
difference between before and after the rotation, namely a wear loss (mg) was 
measured. As this wear loss become small, the copper alloy is excellent in wear 
resistance. The results were as shown in Tables 1 9, 20, 22, 23 and 24. It was 
identified that the embodiment materials were excellent in wear resistance and 
slidability. 

Further, the following erosion corrosion tests I to III, dezincification corrosion 
test specified in "ISO 6509," and stress corrosion crack test specified in "JIS H3250" 
were performed in order to compare and identify corrosion resistance of the 
embodiment materials and that of the comparative example materials. 

That is, in the erosion corrosion tests I to III, a erosion corrosion test was 
performed by striking specimens sampled from castings of the embodiment materials 
A, C, D and E and the comparative example materials Al, El and Gl with a test 
melting (30°C) at a flow rate of 1 1 m/sec in a direction perpendicular to the axes of 
the specimens from a nozzle having a diameter of 1.9 mm. Then, a mass loss 
(mg/cm 2 ) was measured after a predetermined time T had lapsed. As the test melting, 
a saline melting of 3% was used for the test I, a mixed saline melting of mixing 
CuCl 2 -2H 2 0 (0.13 g/L) with the saline melting of 3% was used for the test II, and a 
mixed melting of adding a very small amount of hydrochloric acid (HC1) to sodium 
hypochlorite (NaCIO) was used for the test III. The mass loss was an amount per 1 

9 9 

cm (mg/cm ) extracting a specimen weight after impacting the test melting for the T 
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time from a specimen weight before initiating the test, and the impact time was set as 
T=96 in any one of the tests I to III. The results of the erosion corrosion tests I to III 
were as shown in Tables 1 9 to 24. 

Further, in the dezincification corrosion test of "ISO 6509," specimens sampled 
from castings of the embodiment materials A, C, D and E and the comparative 
example materials Al, El and Gl were attached to phenolic resins in the state where 
exposed specimen surfaces were perpendicular to an extension direction, and then the 
specimen surfaces were polished by an emery paper of up to No. 1200. The polished 
specimens were dried after ultrasonic cleaning in pure water. The corrosion test 
specimens obtained in this manner were immersed into a water melting of 1 .0% 
copper (II) chloride dehydrate (CuCl 2 -2H 2 0), maintained for 24 hours under a 
temperature condition of 75 °C and withdrawn from the water melting. Then, the 
maximum value of dezincification corrosion depth, namely the maximum 
dezincification corrosion depth (jum), was measured. The results were as shown in 
Tables 19 to 24. 

Further, in the stress corrosion crack test of "JIS H3250," plate-like specimens 
(width of 10 mm, length of 60 mm and thickness of 5 mm) sampled from the castings 
B and Bl were bent in a V shape of 45° (curved portion radius of 5 mm) (in order to 
apply tensile residual stress) and subjected to degreasing and drying. In this state, the 
specimens were maintained in an ammonia atmosphere (25°) in a desiccator in which 
ammonia water of 12.5% (diluting ammonia with the same amount of pure water) was 
contained. And at a time point when a predetermined holding time (exposure time) 
had lapsed, the specimens were taken out from the desiccator and cleaned with 
sulfuric acid of 10%. In this state, it was observed with a microscope (10-power) 
whether there was any crack in the corresponding specimen or not, thereby the 
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specimens were evaluated. The results were as shown in Tables 21 and 23. In the 
corresponding Table, the specimen whose crack was shown when the holding time of 
8 hours had lapsed in the ammonia atmosphere, but clearly shown when 24 hours had 
lapsed was represented by the symbol "A", and the specimen whose crack was never 
shown when 24 hours had lapsed was represented by the symbol "O". It was 
identified from these results of the corrosion resistance test that the embodiment 
materials were excellent in corrosion resistance. 

Further, the following cold compression test was performed in order to 
compare and evaluate cold workability of the embodiment materials and that of the 
comparative example materials. 

That is, from the castings A, B and Al, cylindrical specimens having a diameter 
5 mm and a length of 7.5 mm were cut and sampled by a lathe, and subjected to 
compression by an Amsler universal testing machine and evaluation of cold 
compression workability by existence or non-existence of a crack according to 
relation with compressibility (work rate). The results were as shown in Tables 19, 20, 
21 and 23. In these Tables, the specimen that generated the crack at the 
compressibility of 30% was considered to be bad in cold compression workability, 
thus being represented by the symbol " X *\ the specimen where the crack was not 
generated at the compressibility of 40% was considered to be excellent in cold 
compression workability, thus being represented by the symbol "O", and the 
specimen where the crack was not generated at the compressibility of 30% but it was 
generated at the compressibility of 40% was considered to be good in cold 
compression workability, thus being represented by the symbol " A M . The good or 
bad of the cold compression workability could be evaluated by the good or bad of 
caulking workability. When the evaluation was given by the symbol 11 0", it was 
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possible to perform caulking with ease and high precision. When given by the 
symbol "A", ordinary caulking was possible. When given by the symbol " X " 3 it was 
impossible to perform proper caulking. It was identified that, among the embodiment 
materials, some were represented by the symbol "A", most of which were largely 
represented by the symbol "O", and thus the embodiment materials were excellent in 
cold compression workability, i.e. caulking workability. 

Further, the following high-temperature compression test was performed in 
order to compare and evaluate hot forgeability of the embodiment materials and that 
of the comparative example materials. From the castings A, E and El and the plastic 
worked material Gl, cylindrical specimens having a diameter of 1 5 mm and a height 
of 25 mm were sampled using a lathe. These specimens were maintained for 30 
minutes at 700°C, and then subjected to hot compression after changing a work rate 
and evaluation of the hot forgeability from relation between the work rate and crack. 
The results were as shown in Tables 20, 22 and 24. It was identified that the 
embodiment materials were excellent in hot forgeability. In these Tables, the 
specimen where the crack was not generated at the work rate of 80% was considered 
to be excellent in hot forgeability, thus being represented by the symbol "O", the 
specimen where the crack was slightly generated at the work rate of 80%, but not 
generated at the work rate of 65% was considered to be good in hot forgeability, thus 
being represented by the symbol "A", and the specimen where the crack was 
remarkably generated at the work rate of 65% was considered to be bad in hot 
forgeability, thus being represented by the symbol " X 

Further, in order to compare and identify cold drawability with respect to the 
embodiment materials and the comparative example materials, the cold drawability 
was evaluated on the basis of the following. The rod-like castings B and Bl (diameter 



(42) 



of 8 mm) were subjected to cold drawing. One capable of being cold-drawn without 
generating a crack up to the diameter of 6.4 mm by a single drawing (work rate of 
36%) was evaluated to be excellent in cold drawability, one capable of being cold- 
drawn without generating a crack up to the diameter of 7.0 mm by a single drawing 
(work rate of 23.4%) was evaluated to be normal in cold drawability, and one capable 
of being cold-drawn with generating a crack when the cold drawing was performed 
once up to the diameter of 7.0 mm was evaluated to be bad in cold drawability. The 
results were as shown in Tables 21 and 23. One that was evaluated to be excellent in 
cold drawability was represented by the symbol "O", one that was evaluated to be 
normal in cold drawability was represented by the symbol "A", and one that was 
evaluated to be bad in cold drawability was represented by the symbol " X As 
understood from Tables 21 and 23, it was identified that the embodiment materials 
were excellent in cold drawability compared with the comparative example materials. 

Further, castability was evaluated with respect to the embodiment materials 
and the comparative example materials. 

First, in terms of the castings B and Bl, superiority or inferiority of the 
castability was evaluated by performing the following castability evaluation test. That 
is, in the castability evaluation test, when the casting B was obtained in the 
embodiment while a casting speed was varied in two steps, high and low, of 2 m/min 
and 1 m/min, (or when the casting Bl was obtained in the comparative example), the 
superiority or inferiority of the castability was evaluated by the high or low in the 
casting speed at which the wire free of defects was obtained by continuously casting a 
wire (rod) having a diameter of 8 mm under the same condition and apparatus as 
those employed to obtain the casting B in the embodiment (or to obtain the casting Bl 
in the comparative example). The results were as shown in Tables 21 and 23. One 
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where the defect-free wire was obtained at the high casting speed of 2 m/min was 
considered to be excellent in castability, thus being represented by the symbol "O". 
One where the defect-free wire was not obtained at the high casting speed but it was 
obtained at the low casting speed of 1 m/min was considered to be normal in 
castability, thus being represented by the symbol "A". One where the defect- free cast 
wire B-l was not obtained even at the low casting speed (1 m/min) was considered to 
be bad in castability, thus being represented by the symbol " x ". 

Second, a bottom L (see Fig. 6) of the casting C or CI was cut off, and a 
shrinkage portion M (see Fig. 7) inside the cut-off portion was observed. The 
castability was evaluated by existence or non-existence of defects and a depth of 
shrinkage. The results were as shown in Tables 21 to 23. In these Tables, one where 
no defect was present in the shrinkage portion M and the shrinkage was shallow was 
considered to be excellent in castability, thus being represented by the symbol "O". 
Further, one where no clear defect was present in the shrinkage portion M and the 
shrinkage was not very deep was considered to be good in castability, thus being 
represented by the symbol "A". However, one where clear defects were present in 
the shrinkage portion M or the shrinkage was deep was considered to be bad in 
castability, thus being represented by the symbol " x Examples of the shrinkage 
portion M are shown in Figs. 8 to 13. That is, Fig. 8 is a cross-sectional view of the 
shrinkage portion M in the copper alloy No. 72 of the embodiment, and Fig. 9 is a 
magnified plan view of the corresponding shrinkage portion M. Further, Fig. 10 is a 
cross-sectional view of the shrinkage portion M in the copper alloy No. 73 of the 
embodiment, and Fig. 1 1 is a magnified plan view of the corresponding shrinkage 
portion M. Fig. 12 is a cross-sectional view of the shrinkage portion M in the copper 
alloy No. 224 of the comparative example, and Fig. 13 is a magnified plan view of the 
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corresponding shrinkage portion M. As can be seen from Figs. 8 to 13, the surfaces of 
the shrinkage portions M in the copper alloy Nos. 72 and 73 are very smooth and free 
of defects, while in the copper alloy No. 224, clear defects are present in the shrinkage 
portion M and the depth of shrinkage is deep. Further, since the copper alloy No. 224 
has the almost same composition as those of the copper alloy Nos. 72 and 73 except 
that Zr is not contained, it can be understood from Figs. 8 to 13 that grain refinement 
is facilitated by co-addition of Zr and P, and thus the castability is improved. 

Third, the following semi-solid metal castability test was performed in order to 
compare and evaluate the embodiment materials and the comparative example 
materials with respect to semi-solid metal castability. 

That is, raw materials used when the castings A, Al and El were cast were 
charged into a crucible, heated up to a semi-melted state (solid phase fraction of about 
60%), maintained for 5 minutes at that temperature, and subjected to quenching 
(water cooling). And, the semi-solid metal castability was evaluated by investigating 
the shape of a solid phase in the semi-melted state. The results were as shown in 
Tables 19, 23 and 24. It was identified that the embodiment materials met the 
conditions of (14) and (15) and were excellent in semi-solid metal castability. In 
these Tables, one where an average grain diameter of the corresponding solid phase 
was 150 jam or less, or an average of the maximum length of a grain was 300 jam or 
less was evaluated to be excellent in semi-solid metal castability, thus being 
represented by the symbol "O". One where a grain of the corresponding solid phase 
did not meet these conditions, but a remarkable dendrite network was not formed was 
evaluated to have good semi-solid metal castability enough to be industrially 
satisfactory, thus being represented by the symbol "A". One where a dendrite 
network was formed was evaluated to be bad in semi-solid metal castability, being 
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represented by the symbol " x Examples where the embodiment materials meet the 
conditions of (14) and (1 5) are shown. That is, Fig. 3 is a photomicrograph of a semi- 
melted solidified state in the semi-solid metal castability test of the copper alloy No. 4, 
the embodiment material, which clearly meets the conditions of (14) and (15). 
Further, Fig. 4 is a photomicrograph of a semi-melted solidified state in the semi-solid 
metal castability test of the copper alloy No. 202, the comparative example material, 
which does not meet the conditions of (14) and (1 5). 

Further, with regard to the embodiment materials A to G and the comparative 
example materials Al to Gl, average grain diameters (jam) were measured when they 
were melted and solidified. In other words, in the state of cutting the embodiment 
materials and the comparative example materials and etching the cut surfaces with 
nitric acid, average diameters of grains (average grain diameters) were measured in 
macrostructures emerged on the etched surfaces. Further, with regard to the castings 
C, D, CI and Dl, in the state of cutting an inflow outlet J (see Fig. 6) of a tap water 
meter body and etching its cut surface with nitric acid, an average diameter of a grain 
on the etched surface was measured in the same manner as set forth above. This 
measurement was based on a comparison method of an average grain size test of a 
drawn copper product of JIS H0501 . The cut surface was etched with nitric acid. 
Then, one whose grain diameter exceeded 0.5 mm was observed with naked eyes, one 
whose grain diameter was less than 0.5 mm was observed by 7.5 power magnification, 
and one whose grain diameter was less than 0. 1 mm was etched with a mixed melting 
of hydrogen peroxide and ammonia water, and then observed by 75 power 
magnification by an optical microscope. The results were as shown in Tables 13 to 1 8. 
Any one of the embodiment materials was to meet the condition of (7). Further, in 
terms of the comparative example materials, it was identified that they all had the 
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primary crystal of a phase when melted and solidified. 

Further, it was identified that the embodiment materials met the conditions of 
(12) and (13). Their examples are shown in Figs. 1 and 2. Fig. 1 is a macrostructure 
photograph of the copper alloy No. 79, the embodiment material (Fig. 1 A) and a 
microstructure photograph (Fig. IB). Fig. 2 is a macrostructure photograph of the 
copper alloy No. 228, the comparative example material (Fig. 2A) and a 
microstructure photograph (Fig. 2B). As being clear in Figs. 1 and 2, it should be 
understood that the comparative example material No. 228 does not meet the 
conditions of (12) and (13), while the embodiment material No. 79 meets the 
conditions of (12) and (13). 

It was identified from the foregoing that the embodiment materials were 
sharply improved in machinability, mechanical properties (strength, elongation etc.), 
wear resistance, castability, semi-solid metal castability, cold compression workability, 
hot forgeability and corrosion resistance by having each constituent element contained 
in the aforementioned range and meeting the conditions of (1) to (7) (with regard to 
the fifth to eighth copper alloys, additionally, the condition of (8)), as compared with 
the comparative example materials which failed to meet at least some of these 
conditions. Further, it was identified that the improvement of these properties could 
be effectively facilitated by meeting the condition of (10) to (15) in addition to the 
foregoing conditions (with regard to the fifth to eighth copper alloys, additionally, the 
conditions of (9) and (16)). It was identified that the above fact were equally true of 
the large-size casting F (No. 91), and the grain refinement effect by the co-addition of 
Zr and P and the resultant effect of the property improvement were guaranteed 
without a damage. Further, with regard to the large-size casting (No. 234) having the 
almost same composition as the copper alloy No. 91 except for not containing Zr, 
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these effects were not present, and a difference from the small-size castings was clear. 

Further, with regard to the castings C, CI and Dl containing Pb, a lead leakage 
test was performed based on "JIS S3200-7:2004 Water Supply Equipment - 
Performance Tests for Leachability. " That is, in this test, water (quality: pH 7.0 ± 0.1, 
hardness: 45 + 5 mg/L, alkalinity: 35 + 5 mg/L, residual chlorine: 0.3 + 0.1 mg/L) 
where pH was adjusted, with a sodium hydroxide melting, to water adding a sodium 
hypochlorite melting, a sodium hydrogen carbonate melting and a calcium chloride 
melting at an proper amount was used as a leaching solution, and the castings C, CI 
and Dl were subjected to predetermined cleaning and conditioning, and then a hollow 
portion of the corresponding castings C, CI or Dl (namely, a tap water meter body 
itself, see Fig. 6) was filled with the leaching solution of 23°C and sealed, and then 
the castings were left at rest for 16 hours with the solution retained at 23 °C, and then 
an exudation amount (mg/L) of Pb contained the leaching solution was measured. 
The results were as shown in Tables 21, 23 and 24. It was identified that the 
exudation amount of Pb was extremely small in the embodiment materials, and the 
castings were possible to be used as the water-contact fittings such as the tap water 
meter without any problem. 

Further, a runner portion K (see Fig. 6) was sampled from the casting C of the 
copper alloy No. 54, and a copper alloy was cast using the sampled runner portion as 
a raw material (Zr: 0.0063 mass%). That is, the corresponding runner portion K was 
remelted under a charcoal cover at 970°C, maintained for 5 minutes, and under the 
anticipation that an amount of oxidation loss of Zr when melted would amount to 
0.001 mass%, further added a Cu-Zn-Zr alloy containing 3 mass% Zr as much as the 
amount of oxidation loss of Zr, then being cast into a metal mold. As a result, in the 
obtained casting, a content of Zr was almost equal (0.0061 mass%) to that of the raw 
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material, the copper alloy No. 54, and an average grain diameter, that was measured, 
was 25 |nm that was almost equal to that of the original copper alloy No. 54. It was 
identified from the above fact that the copper alloy of the present invention was 
capable of effectively using surplus or unnecessary portions such as the runner portion 
K generated in its casting as a recycling raw material without damaging the grain 
refinement effect. Therefore, it is possible to use the surplus or unnecessary portions 
such as the runner portion K as a supplementary raw material charged under the 
continuous operation, and to very efficiently or economically carry out the continuous 
operation. 

The copper alloy of the present invention is subjected to the grain refinement 
in the melt-solidification step, so that it can resist the shrinkage when solidified and 
decrease the generation of the casting crack. Further, in terms of the hole or porosity 
generated in the process of solidification, they escape outside with ease, so that the 
sound casting free from the casting defects is obtained (because the casting defect 
such as the porosity is not present, and because the dendrite network is not formed, 
the casting has the smooth surface and the shrinkage cavity as shallow as possible). 
Therefore, according to the present invention, it is possible to provide the casting 
having very abundant practical use or the plastic worked material performing plastic 
working on the casting. 

Further, the grains crystallized in the process of solidification takes the shape 
where the arm is divided, preferably such as the circular shape, elliptical shape, 
polygonal shape and criss cross shape rather than the branch-like structure which is 
typical for cast structure. As such, the fluidity of the molten metal is improved, so 
that the molten metal can spread to all the corners of the mold although the mold has a 
thin thickness and a complicated shape. 
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The copper alloy of the present invention can foster sharp improvement of the 
machinability, strength, wear resistance, slidability and wear resistance exerted by the 
constituent elements by means of the grain refinement and the uniform distribution of 
the phases (K and y phases generated by Si) except the a phase or the Pb particle, and 
can be properly, practically used as water-contact fitting used in contact with tap 
water at all times or temporally (for example, water faucet fittings of water supply 
piping, valve cocks, joints, flanges, water faucet fittings, residential facilities and 
drain mechanisms, connecting fittings, water heater parts etc.), frictional engagement 
member performing relative movement in contact with the other member (rotational 
shaft etc.) at all times or temporally (for example, bearing, gear, cylinder, bearing 
retainer, impeller, valve, open-close valve, pumps parts, bearings etc.) or pressure 
sensor, temperature sensor, connector, compressor part, scroll compressor part, high- 
pressure valve, air conditioner value and open-close value, carburetor, cable fixture, 
mobile phone antenna part, terminal or these constituent members. 

Further, according to the method of the present invention, the grain refinement 
can be realized by the co-addition effect of Zr and P without generating any problem 
caused by addition of Zr in the form of the oxide and/or sulfide, thereby being capable 
of casting the copper alloy casting in an efficient, favorable manner. 
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Industrial Applicability 

In particular, the copper alloy of the present invention can be properly used for 
the following applications. 

1 . General mechanical parts that require castability, conductivity, thermal 
conductivity and high mechanical property. 

2. Electric terminals that require high conductivity and thermal conductivity, 
connectors, and electric parts on which brazing and welding can be easily performed. 

3. Instrument parts that require excellent castability. 

4. Water supply fittings, construction fittings and daily necessities which 
require excellent mechanical property. 

5. Marine propellers, shafts, bearings, valve seats, valve rods, fasting fittings, 
clamps, connecting fittings, door knobs, pipe clamps and cams which require high 
strength and hardness and excellent corrosion resistance and toughness. 

6. Valves, stems, bushes, worm gears, arms, cylinder parts, valve seats, 
bearings for stainless steel shafts and pump impellers which require high strength, 
hardness and wear resistance. 

7. Valves, pump bodies, impellers, hydrants, mixed faucets, tap water valves, 
joints, sprinkler, cocks, tap water meter, water stop faucets, sensor parts, scroll type 
compressor parts, high-pressure valves and sleeve pressure containers which require 
pressure resistance, wear resistance, machinability and castability. 

8. Sliding parts, hydraulic cylinders, cylinders, gears, fishing reels and aircraft 
clamps which require excellent hardness and wear resistance. 

9. Bolts, nuts and piping connectors which require excellent strength, corrosion 
resistance and wear resistance. 

10. Chemical mechanical parts and industrial valves which are suitable for a 
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simple shaped large-size casting and require high strength and excellent corrosion 
resistance and wear resistance. 

1 1 . Welding pipes of a desalination apparatus, water supply pipes, heat 
exchanger pipes, heat exchanger pipe plates, gas piping tubes, elbows, marine 
structural members, welding members and welding materials which require bonding 
strength, build-up spraying, lining, overlay, corrosion resistance and castability. 

12. Water-contact fittings (joint flanges) 

nipples, hose nipples, sockets, elbows, cheeses, plugs, bushings, unions, joints, 
and flanges. 

13. Water-contact fittings (valve cocks) 

stop valves, a strainers, slith valves, gate valves, check valves, glove values, 
diaphragm valves, pinch valves, ball valves, needle valves, miniature valves, relief 
valves, plug cocks, handle cocks, gland cocks, two-way cocks, three-way cocks, four- 
way cocks, gas cocks, ball valves, safety valves, relief valves, pressure reducing 
valves, electromagnetic valves, steam traps, water meters (tap water meters), and 
flowmeters. 

14. Water-contact fittings (water faucet fittings) 

water faucets (hydrants, water sprinkling faucets, water stop faucets, swing 
cocks, mixed faucets and corporation faucets), spouts, branch faucets, check valves, 
branch valves, flash valves, switch cocks, showers, shower hooks, plugs, zarubos, 
watering nozzles, sprinklers. 

15. Water-contact fittings (residential facility (residential equipment facility) 
drain mechanisms) 

traps, fireplug valves, and water supply ports 

16. Pumps 
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impellers, cases, connecting fittings and slide bushes 

17. Automobile related equipment 

valve and joints; pressure switch sensors, temperature sensors and connectors; 
bearing parts; compressor parts; carburetor parts; and cable fixtures. 

18. Home appliances 

mobile phone antenna parts, terminal connectors, lead screws, motor bearings 
(fluid bearings), copier shaft rollers, valve seam nuts for air conditioners, and sensor 
parts. 

19. Frictional engagement members 

piston shoes of hydraulic Pneumatic cylinders, bush sliding parts, cable 
fixtures, high-pressure valve joints, toothed wheel gear shafts, bearing parts, pump 
bearings, valve shoes, hexagon cap nuts, and header hydrate parts. 
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